Introduction
Clinical practice guidelines (CPGs)* (throughout the text, terms marked with an asterisk are defined in Table 1 in alphabetical order) [1] have become important tools in shaping the care of individuals with chronic kidney disease (CKD). CPGs inform patient care, scientific debate, research agendas and policies. At the same time, CPGs have been criticized for restricting the care provided by physicians to patients. This article is intended as a review of selected topics related to guideline development and its application in nephrology, which ultimately aim at informing decision making and improving the quality of care.
What guidelines are and are not
The primary purpose of CPGs is to improve patient care. As defined in the Institute of Medicine's 1990 report, guidelines are 'systematically developed statements to assist practitioner and patient decisions about appropriate health care for specific clinical circumstances' [1, 2] . CPGs are evidence-based when they are derived from systematic reviews* of the pertinent literature. The evidence is interpreted by experts and forms the basis underlying concrete recommendations for care. A systematic review uses a protocol for identifying, synthesizing and appraising primary research articles. Meta-analyses* are systematic reviews where results of individual studies are quantitatively combined into a single effect estimate. Systematic tabulation of relevant literature facilitates comparison across studies and exploration of reasons for heterogeneity. A systematic approach to literature review lends scientific rigour to guideline development and aims to reduce bias that can occur in narrative reviews*, where the selection of supporting references and their interpretation is at the discretion of the authors.
Geographic variations in health care delivery are widely documented and demonstrate that there is no conformity of practice styles [3] . In nephrology, differences in dialysis care have been shown in different regional dialysis networks and in different countries [4, 5] . In general, patient characteristics do not appear to account for all practice variability, which suggests that physician behaviour and system structures play contributing roles [6] . This highlights the need for CPGs to provide guidance on appropriate and effective care.
CPGs can educate providers at a time when practitioners find it challenging to keep up with an increasing rate of scientific publications and look to guidelines as practically oriented, systematically developed literature updates. Yet, CPGs cannot be followed like cookbook recipes. They cannot be detailed enough to spell out an individualized approach, that takes into account all potentially important factors, such as patient needs, preferences, available resources, and limitations unique to an institution or type of practice [7] . They can, however, propel practitioners to the level of knowledge generated by an expert panel that has synthesized the relevant literature and arrived at a consensus* in its interpretation. 'Expert panels' in guideline development should consist of individuals who have advanced knowledge in the topic of interest, in methods of systematic review and in critical literature appraisal.
CPGs often focus on improving the management of one particular disease. They have been criticized for not ranking the importance of different recommendations that may apply to a patient with multiple health care problems and for not providing guidance on how to integrate complex regimens for several diseases efficiently [8] . One explanation for this is that expert groups and professional societies naturally focus on issues of care primarily relevant for the patients they care for or represent. Another explanation is that guidelines merely mirror the focus of the supporting evidence. Randomized controlled trials (RCTs), which generate the most rigorous evidence on treatment efficacy, generally examine only one type of intervention in a selected population with one dominant health problem. Evidence on how to integrate the management of several diseases in order to optimize competing health outcomes is sparse. To fill this gap, better methods are needed to stratify individual patients' risks, to tailor interventions according to risk profile and to effectively deliver multi-factorial interventions. Currently, it is left to providers and their patients to integrate multiple guideline recommendations into a feasible and appropriate health care plan. While CPGs cannot provide an outline for complex disease management, they can provide best care recommendations for those aspects which they do address.
CPGs contribute to continuous quality improvement when they are implemented and evaluated in clinical practice. It is important to distinguish guidelines from the policies that are derived from them. Guidelines are used to develop clinical performance measures (CPMs)*, which are tools to measure and evaluate health care practices. Linkage of CPGs with CPMs has led to criticism that guidelines form the foundation for auditing and regulation [9] . There is distrust in the reliability and validity of CPMs, because they do not adequately adjust for patient factors or do not focus on central aspects of care. Coupling performance with financial incentives has worried physicians who feel that being measured against collective benchmarks overrides their professional autonomy and acumen. Still, guideline development provides an avenue for health care professionals to participate in the assessment of what is appropriate care, based on medical reasoning.
Although guidelines can provide a foundation for policies, additional considerations need to be incorporated when creating policy decisions. One of these considerations is cost. How costs should be considered in guideline development is a controversial issue. When decision analyses* include estimates of costs as in cost-benefit*, cost-effectiveness* and cost-utility analyses*, different health practices can be compared regarding their returns. For this, the costs of the health practice are considered against the returns resulting from outcomes, which are expressed as monetary benefit, clinical effectiveness or utility. However, the conduct of decision analyses and incorporation of costs explicitly into guideline development requires special expertise. Further limitations are that costs are often based on assumptions and true costs can vary greatly in different contexts and over time. As a practical approach, it has been recommended that guideline panels primarily aim to determine the net medical benefit of a health practice from the patient perspective and that costs be considered separately [10] . Users can then distinguish the medical information and its interpretation from other considerations including costs. The goal for guideline development panels is not to decide what health services should be offered and how they should be paid for. This task falls on policy makers and local implementers. Guideline developers cannot resolve the tension that exists between the goal of optimizing health care for an individual and the goal of improving public health. At the same time, CPGs can be used as a tool to defend the provision of appropriate services against the pressure of other interests.
Methodological challenges for guideline development

Evidence grading
Methods for guideline development have evolved over the past several years. Checklists for quality criteria of CPGs have been proposed to provide instruction for guideline developers and help users evaluate the quality of a guideline [11] [12] [13] The following key attributes for well-developed guidelines are proposed: (i) An evidence-based approach is followed that involves systematic literature searches and comprehensive review of pertinent existing scientific evidence published in peer reviewed journals; (ii) Workgroup composition is interdisciplinary with representation of expertise in relevant clinical domains and in the methods of systematic literature review and appraisal; (iii) Workgroups are independent without the influence of organizations or industry and (iv) Guidelines undergo a review prior to publication which includes feed-back by representatives of patient organizations [7] . So far, guidelines do not consistently adhere to all quality criteria although they are improving [14, 15] .
One of the proposed quality criteria is that guidelines should be evidence-based and the strength of the recommendations should be graded. In guideline development, grading may occur at several levels: first, when grading the quality of an individual study; second, when grading an aggregate of studies that look at one health care practice and one type of outcome; third, when grading the composite of all studies that evaluate one health practice across all important outcomes; and fourth, when grading the strength of a recommendation. Ideally, the grading at each level would be consistent and transparent and there would be an explicit linkage of the quality of the evidence and the strength of the recommendation.
There are many different scales in use for grading the strength of recommendations and the quality of evidence [16] . However, none has been shown to be superior in direct comparisons. Nor has any been shown to reduce subjectivity in appraisal or predict how guidelines are accepted, implemented or improve clinical outcomes. It remains a sobering fact that translating evidence into a clinical context requires synthesis of facts as well as judgments, which are affected by values and opinions [17] . Nevertheless, grading schemes provide a structured approach to systematic evidence review and appraisal. They help make transparent how evidence and judgments are combined and clarify expectations for implementation. Although no single system may be ideal, harmonizing approaches to grading facilitates communication about the meaning of a guideline. Earlier systems, such as the evidence hierarchy of the Canadian Task Force on the Preventive Health Examination, have focused on the study design to assign a quality grade [18] . These systems are simple and make grading reproducible, but they do not consider the methodological quality of studies (i.e. the extent to which bias was minimized in each study), the quantity and consistency of studies or the magnitude of the effect. More recent systems, for example the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) approach, incorporate additional dimensions in grading [10, 19] . According to the GRADE approach, a collection of randomized clinical trials with serious limitations to the methodological quality of the studies or with inconsistent findings would not be assigned a composite quality grade of 'high', while an aggregate of highquality observational studies that consistently show a large effect size might be. For recent Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines, grading of evidence has followed the GRADE approach with some modifications [10, 19] . Overall, grading is a work in progress and methods for grading are expected to further evolve, in particular in the grading of evidence that looks at questions related to diagnosis, prognosis or harms.
Quality of evidence in nephrology
Evidence review in nephrology faces a number of challenges. The long and silent course of CKD makes it difficult and expensive to conduct studies that examine hard clinical outcomes. Therefore, surrogate outcomes are often used to shorten the necessary follow-up time. To study the progression of CKD, laboratory parameters, such as the level of glomerular filtration rate (GFR) or proteinuria, are commonly used. It remains an area of active investigation how changes in surrogate outcomes early in the disease predict subsequent changes in the risk for kidney failure. In addition, patients with CKD face an increased risk of cardiovascular disease (CVD) [20, 21] . Therefore, outcomes for CVD and interventions to reduce CVD risk need to be included in the study of patients with CKD.
Despite the recognition of CKD as a public health problem, the recruitment of individuals with CKD in the stages of disease prior to kidney failure is difficult. These patients predominantly receive care by nonnephrologists (such as providers in family medicine, internal medicine, endocrinology and diabetes care, cardiology, vascular medicine and surgery). Until recently, the definition and staging of CKD in research studies was heterogeneous. Early stages of CKD were not recognized and large subpopulations with unrecognized CKD were included in studies of diabetes, hypertension or CVD. The use of the K/DOQI classification for CKD should result in a more consistent characterization of patients [22] . What remains unresolved is the problem of misclassification of the type of kidney disease since the aetiological diagnosis is often presumptive and a definitive histopathological diagnosis is usually not available. Still the type of kidney disease has important implications for the risk of progression and concomitant diseases.
These methodological problems in the study of CKD may partly explain why the number of large, highquality clinical studies that examine hard clinical outcomes is relatively limited in nephrology [23] . This is relevant for guideline development since the quality of systematic reviews and the strength of the conclusions that can be drawn depend on the quality of the source literature. At present, many aspects of care for patients with earlier stages of CKD are largely based on extrapolating evidence from studies of individuals without kidney disease. Thus, guideline developers in nephrology face complex issues when integrating and appraising bodies of literature.
Guidelines in nephrology have so far focused primarily on topics related to CKD, namely testing, evaluation and treatment for CKD, its complications and concomitant diseases ( Table 2 ). There is a growing movement among experts to expand guideline development to the area of acute kidney injury (formerly acute renal failure). Expansion of CPGs to this area faces the challenge of lack of standardized definitions and limited understanding of the epidemiology and natural history of this entity.
Guideline development in nephrology
Several professional societies in nephrology develop English language CPGs (Table 2 ). In addition, other agencies, committees and organizations issue guidelines that are relevant to the care of individuals with kidney diseases, for example on hypertension or diabetes. The authors participate in the development of guidelines for the National Kidney Foundation's K/DOQI [24, 25] . In the following section, the current process of K/DOQI guideline development is described as an example of what workgroup experts do when developing a guideline. However, discussion of all aspects of guideline methodology is beyond the scope of this review. Table 3 provides an overview of the process followed in the development of recent K/DOQI guidelines. A guideline is initiated after a topic relevant to clinical practice has been selected by the K/DOQI Chairs and
An important step of guideline development is the generation of a comprehensive list of well-formulated questions that relate to important clinical problems. For each question the 'PICO' criteria are specified for population of interest, intervention or predictor of interest, comparison group and outcome(s) of interest [26] . In addition, desired study design, required duration of follow-up, and minimal number of subjects per study are specified for each question. These criteria are used for including studies when screening abstracts and articles.
Data from eligible studies are extracted onto standardized forms and the methodological quality and applicability of each study is assessed. Summary tables are drafted that tabulate the information from each study in a condensed form. For each question the balance of benefits and harms of the health practice is summarized and the quality of the supporting evidence is judged. Thereafter, the workgroup implicitly considers additional issues such as availability of a service, special features of health systems and costs to determine whether a guideline recommendation can be issued and of what strength. Care is taken to make recommendations that are actionable and specific. They are written in the form of 'what should be done in whom, when, where and how often'. Algorithms* are developed to organize recommendations into a logical sequence. Workgroup members are prompted to describe limitations of the evidence and to provide detailed recommendations for future research that will fill important gaps of knowledge. The CPG draft undergoes internal and public review. The workgroup then revises the guidelines in response to comments from reviewers and submits the guideline document for publication.
When evidence is not sufficient to support an evidence-based guideline, K/DOQI workgroups have issued recommendations based on a consensus. In these cases, the literature has been reviewed and the evidence is not deemed to definitively answer the clinical question but the workgroup wishes to provide guidance to the practitioner. Distinguishing these workgroup consensus statements from evidence-based guidelines clarifies that they are not meant to be used as a foundation for CPMs and should not obstruct future research on the topic.
Guideline implementation
After CPGs have been developed, they need to be implemented. Implementation aims at bridging the gap between best evidence and actual practice and to shorten the delay encountered in the translation of new research findings [27] . Successful implementation is tailored to target practice settings. A first step is to analyse regional practice patterns and compare them against the recommendations in CPGs. Knowledge of local health priorities and structures forms the basis for decisions on how to adopt the guidelines. A growing body of empirical experience on which system changes produce better care and which strategies facilitate [28] . The quality improvement cycle is closed by periodic updating of guidelines to incorporate new research findings and experience gained from evaluation of CPGs implementation. Figure 1 shows the feed-back loop between research, guideline development, implementation and evaluation.
Guideline implementation is often not rigorously evaluated and it is difficult to attribute changes in practice solely to the issuance of a guideline. Table 4 shows a chronology of selected events in guideline development and implementation in nephrology. A temporal relationship does not establish what is cause or effect. It also remains to be demonstrated that these activities improve clinical patient outcomes.
As can be seen in Table 4 , the reaction to guidelines can vary. While some recommendations from CPGs have been widely adopted, others have been the topic of debate or have been contradicted by subsequent research. Evidence-based CPGs can only be definitive if they are supported by high-quality evidence. Yet the lifespan of medical knowledge is limited and even high-quality clinical research can be contradicted by subsequent studies [29] . This highlights the importance of updating CPGs to keep them current, especially when new scientific evidence becomes available.
Challenges in international guideline development
The coexistence of several independent guideline development programs in nephrology allows for diversity in development and tailoring of CPGs specific to particular settings. It also protects against monopolies in topic selection or bias from strong special interests. Yet as the list of CPGs published in Table 1 reveals, a number of topics have been dealt with in guidelines issued by several societies within a few years of each other. Fragmentation of efforts has thus resulted in redundancy and variations in specific guideline recommendations. There has also until recently been little coordination to standardize or advance the methods of guideline development in the specialty. In response to this situation, the Kidney Disease: Improving Global Outcomes (KDIGO) initiative aims to integrate guideline development in the domain of kidney diseases [30, 31] . Advantages of international coordination are consolidation of evidence review tasks and avoidance of duplication of efforts. On the other hand, some of the methodological challenges in guideline development are compounded in the context of international guideline development. Ideally, evidence would be global and implementation would be local. If evidence were a universal truth, evidence review could proceed independently of local considerations, and local implementation groups could then develop recommendations based on systematic reviews and apply them to specific contexts. However, evidence itself may not be independent of factors that relate to the context in which it is generated. The origin of clinical research studies lies disproportionately in developed countries, which affects the conclusions that can be drawn from the findings. The research agenda and interests and perceived health needs of funding bodies influence the questions being studied. The applicability of the findings relates to the populations studied. In the absence of exclusively objective review criteria, selection for publication, appraisal of the quality of evidence and the interpretation of benefits and harms are subject to the judgments and interpretations of reviewers, who are disproportionately based in European and North American countries. On the other hand, while implementation has to be conducted in a local context, some general principles and methods of implementation may apply. Development of implementation strategies and protocols can be informed by comparing implementation experiences and protocols from different settings. This helps distinguish barriers to quality improvement that are intrinsic to systems from those that are related to processes and identify strategies for overcoming them. The dilemma of how an international guideline can adequately be mindful of all possible permutations of patients, contexts, or health care systems is highlighted by the following example. A guideline to periodically test individuals on dialysis for hepatitis C may help reduce transmission in the dialysis unit in certain countries. In other countries, a recommendation to periodically test blood donors may improve the safety of the blood supply. Both guidelines aim at reducing hepatitis C infections in the dialysis population. How the question is framed will depend on the perspective of the individuals in the workgroup and which strategy is followed will depend on the perspective of the implementers.
In the face of these problems, a practical approach is to harmonize methods for guideline development and grading to facilitate sharing of evidence reports. Local guideline adoption groups can then appraise how the evidence and judgments translate into their settings and how system-specific considerations affect the content or strength of locally issued recommendations.
As has been outlined above, additional considerations affect the prioritization and planning of services to be implemented. Decisions regarding the allocation of resources in a national or regional context will be guided by the aim to optimize individual patients' health, but will also need to consider other key social goals and preferences as well as the relative cost effectiveness of practices in a particular setting [32, 33] .
Conclusions
Evidence-based CPGs provide systematic reviews of bodies of evidence with the goal of making this information available to users in a practical format. The ultimate goal is to inform decision making and improve the quality of care. Presently, health care systems face a greater demand for accountability and cost containment and guidelines are used as tools to reduce practice variability. Still, guidelines need to be applied to unique patient settings and health care providers have the final responsibility-and therefore must also have the final authority-to follow the recommendations or not. This decision-making process requires incorporation of patient preferences and weighing whether exemptions or deviations from recommendations are justified.
Over the past several years, the process of guideline development has become more rigorous and evidencebased. Consistency and transparency in grading the quality of evidence remains a challenge. Furthermore, the literature in nephrology is characterized by a limited number of high-quality clinical trials. Yet, the record of guidelines in nephrology suggests that CPGs-as imperfect as they may be-have had an impact. When guideline recommendations pertain to complex clinical processes, implementation has to take an approach that is mindful of specific health care settings and systems. This challenge is augmented in the context of international guideline development, where local recommendations may differ in content or strength for different populations or settings. Future efforts need to improve the methods and efficiency of developing new guidelines and of updating existing guidelines. Finally, since evidence-based guideline can only be as solid as the evidence they are based on, the body of literature in nephrology, that rigorously addresses clinically relevant questions, needs to be expanded.
